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PR€LIMINARY S l U D Y  O F  N I O B I U M  ALLOY C O N T A M I N A T I O N  BY TRANSPORT THROUGH HELIUM 
Coulson M. Scheuermann, Thomas J .  Moore, and Donald R .  Wheeler 
N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n  
Lewis Research Center 
Cleveland, Ohio 44135 
SUMMARY 
.P re l im ina ry  t e s t s  were conducted t o  de termine i f  i n t e r s t i t i a l  element 
t r a n s p o r t  th rough a c i r c u l a t i n g  he l i um work ing  f l u i d  was a p o t e n t i a l  problem 
i n  B ray ton  and S t l r l l n g  space power systems. l e s t  specimens exposed t o  a t h e r  
mal g r a d i e n t  f o r  up t o  3000 h r  i nc luded  Nb-1%Zr, a Sm-Co a l l o y  ( r e f e r r e d  t o  
as SmCo i n  t h i s  paper ) ,  H lpe rco  50 s t e e l ,  and a lumina t o  s i m u l a t e  va r ious  
eng ine  components o f  t h e  B ray ton  and S t i r l i n g  systems. 
h e l i u m  t r a n s p o r t  o f  i n t e r s t i t i a l  contaminants can be min imized over  a 7-  r 
l i f e  w i t h  a monometa l l i c  Nb-1%Zr des ign .  Exposure w i t h  o t h e r  m a t e r i a l s  n d i  
ca ted  a p o t e n t i a l  f o r  i n t e r s t i t i a l  contaminant t r a n s p o r t .  De te rm ina t ion  o f  
con tamina t ion  k i n e t i c s  and t h e  e f f e c t s  on s t r u c t u r a l  i n t e g r i t y  w i l l  requ  r e  
a d d i t i o n a l  t e s t i n g .  
Resu l t s  i n d i c a t e  t h a t  
I N T R O D U C l  I O N  
l h i s  r e p o r t  p resents  p r e l i m i n a r y  f i n d i n g s  o f  an i n v e s t i g a t i o n  requested 
by the.SP-100 O f f i c e  a t  t h e  Lewis Research Center o f  t h e  N a t i o n a l  Aeronaut ics  
and Space A d m l n l s t r a t i o n  (NASA) t o  determine i f  mass t r a n s p o r t  o f  gaseous con 
taminants  i s  a p o t e n t i a l  problem f o r  l ong - te rm ( 7  t o  10  y r )  o p e r a t i o n  o f  
r e f r a c t o r y  meta l  Bray ton  and S t i r l i n g  engines wh ich  use an i n e r t  gas as t h e  
work ing  f l u i d .  
I n  response t o  t h i s  reques t ,  a s i m p l i f i e d  t e s t  was des igned t o  p r o v i d e  a 
q u i c k  o rder -o f -magn i tude e s t i m a t e  o f  t h e  s e v e r i t y  o f  t h e  pe rce i ved  problem. 
l h i s  r e p o r t  documents t h e  p r e l i m i n a r y  f i n d i n g s  o f  t h i s  e f f o r t .  
PROCEDURE 
Power System C o n d i t i o n  S i m u l a t i o n  
A s imp le  thermal  convec t i on  capsule des ign  was chosen t o  s i m u l a t e  cond i -  
t i o n s  w i t h  t h e  Bray ton  and S t i r l i n g  systems. S ince  t h e  Bray ton  system has a 
u n i d i r e c t i o n a l , ,  c l osed - loop  f l o w  path,  t h i s  cho ice  would seem reasonable on a 
rough order -o f -magn i tude b a s i s  f o r  de te rm in ing  whether s i g n i f i c a n t  t r a n s p o r t  
o f  gaseous contaminants  cou ld  occur t o  o r  f rom s e n s i t i v e  r e f r a c t o r y  a l l o y s  
d u r i n g  extended o p e r a t i o n .  
Because t h e  S t i r l i n g  system operates w i t h  o s c i l l a t i n g  gas f l o w ,  t h e  ques 
t i o n  o f  appropr ia teness  o f  t h i s  capsule t e s t  was r a i s e d .  Operators  o f  S t i r -  
l i n g  systems were o f  t h e  o p i n i o n  t h a t  complete m i x i n g  o f  t h e  gas occurs w i t h i n  
a few minutes and c e r t a i n l y  w i t h i n  an hour .  On t h i s  b a s i s  i t  was concluded 
t h a t  t h i s  t ype  o f  t e s t  would be a reasonable s i m u l a t i o n  f o r  t h e  S t i r l i n g  s y s -  
tem a l s o .  
Nh l%Lr  was chosen as t h e  r e f r a c t o r y  a l l o y  f o r  t h i s  t e s t  because i t  was 
r e a d i l y  a v a i l a b l e  and i t  a l s o  i s  a p o t e n t i a l  cand ida te  f o r  t h e  work ing  f l u i d  
conta inment  m a t e r i a l  f o r  h i g h  performance space v e r s i o n s  o f  b o t h  these systems. 
Conceptua l l y ,  a l l  n o n r e f r a c t o r y  a l l o y  m a t e r i a l s  wh ich  would be exposed t o  the  
work ing  f l u i d  cou ld  be coated  o r  canned i n  t h e  conta inment  m a t e r i a l  r e f r a c t o r y  
a l l o y .  However, i f  any o f  these m a t e r i a l s ,  f o r  any reason, were exposed t o  
t h e  work ing  f l u i d ,  they  c o u l d  be a source o f  con tamina t ion  f o r  t h e  r e f r a c t o r y  
a l l o y .  S e l e c t i o n  o f  n o n r e f r a c t o r y  a l l o y  m a t e r i a l s  f o r  i n c l u s i o n  i n  these t e s t s  
was based on t h i s  wors t - case  scenar io .  I t  was dec ided t o  i n c l u d e  rep resen ta  
t i v e  m a t e r i a l s  f o r  eng ine  components such as magnets, a l t e r n a t o r ,  and i n s u l a -  
t i o n .  A Sm Co a l l o y ,  r e f e r r e d  t o  i n  t h i s  I n v e s t i g a t i o n  as SmCo, was s e l e c t e d  
as t h e  magnet m a t e r i a l .  H ipe rco  50 was s e l e c t e d  as t h e  a l t e r n a t o r  m a t e r i a l .  
I n s u l a t i o n  was represented by h i g h  p u r i t y  a lumina.  I n  a d d i t i o n ,  molybdenum 
was chosen as t h e  t e s t  capsu le  m a t e r i a l  t o  p reven t  ex t raneous con tamina t ion  
f rom t h e  t e s t  env i ronment .  
Specimen Prepara t i on ,  Exposure, and A n a l y s i s  
F i v e  molybdenum tubes, and t h e  specimens they  were t o  c o n t a i n ,  w e r e  p r e -  
pared f o r  t e s t i n g  i n  accordance w i t h  t h e  f l o w  c h a r t  o u t l i n e  i n  f i g u r e  1 .  
C lean ing  o f  a l l  m a t e r i a l s  was accomplished u s i n g  t h e  procedures o u t l i n e d  i n  
t a b l e  I .  
Cleaned specimens were then  s t r u n g  t o  molybdenum l i d s  and t o  each o t h e r  
u s i n g  molybdenum w i r e  as shown i n  f i g u r e s  2 and 3 .  Capsules c o n t a i n i n g  o n l y  
Nb-l%Zr specimens w e r e  i n c l u d e d  t o  p r o v i d e  a b a s e l i n e  f o r  comparison and t o  
de termine the  degree o f  r e d i s t r i b u t i o n  o f  i n t e r s t i t i a l  contaminants  w i t h i n  the  
Nb- l%Zr  a f t e r  exposure t o  the  temperature g r a d i e n t s  used i n  these t e s t s .  
Gas tungs ten  a rc  we ld ing  (GTAW) was used t o  weld t h e  l i d s  t o  t h e  tubes.  
l h e  we ld ing  chamber c o n t a i n i n g  t h e  tubes ,  l i d s ,  and specimens was evacuated t o  
1 ~ 1 0 - ~  Pa, then b a c k f i l l e d  w i t h  h e l i u m  t o  a p ressu re  o f  1x10-5 Pa, f o r  we ld ing .  
Hel ium dew p o i n t ,  water  vapor ,  and oxygen a n a l y s i s  were mon i to red  b e f o r e  and 
a f t e r  GTAW. Representa t ive  va lues  a r e  g i v e n  i n  t a b l e  11. A p r e s s u r i z e d  
h e l i u m  leak  t e s t  was used on each welded tube b e f o r e  and a f t e r  exposure t o  
assure  weld i n t e g r i t y  d u r l n g  t h e  exper imenta l  t e s t i n g .  
F i g u r e  4 i s  a schematlc r e p r e s e n t a t i o n  o f  t h e  tubes p laced I n  t h e  f u r  
naces. Note t h a t  t h e  tubes and fu rnaces  a r e  i n  vacuum chambers and t h a t  t h e  
tubes extend p a r t i a l l y  l n t o  the  fu rnaces .  Thermal g r a d i e n t s  a long  t h e  tubes 
were determined us ing  Pt /Pt - l3%Rh thermocouples a l o n g  t h e  tube w a l l .  
F o l l o w i n g  removal f r o m  t h e  t e s t e d  tubes,  s e l e c t e d  Nb- l%Zr  specimens had 
coupons removcd by shear ing  ( f i g s .  5 t o  7 )  f o r  Auger s u r f a c e  ana lyses .  An 
as -c leaned  coupon o f  un tes ted  Nb-1%Zr was i n c l u d e d  as a c o n t r o l  specimen. 
A l l  Auger analyses were performed by a s i n g l e  commercial l a b o r a t o r y ,  u s i n g  
argon i o n  e t c h i n g  t o  determine t h e  compos i t ion  o f  t h e  coupon as a f u n c t i o n  o f  
depth  below the  sur face .  
Ihe  remain ing p o r t i o n s  o f  these specimens and t h e  o t h e r  Nb- l%Zr spec i  
mens shown I n  f i g u r e s  5 t o  7 were sub jec ted  t o  bend t e s t i n g .  Nb-1%Zr 
2 
specimens n o t  sub jec ted  t o  t h e  capsule t e s t  were a l s o  t e s t e d  as c o n t r o l  
samples. The bend t e s t  c o n d i t i o n s  were: 
Temperature . . . . . . . . . . . .  Room tempera ture  
Plunger  r a d i u s ,  mm . . . . . . . . .  1.6 (abou t  1 T )  
Span,mm . . . . . . . . . . . . . . . . . . . .  25 
Crosshead speed, mm/min . . . . . . . . . . . . .  25 
Bu lk  chemical  analyses f o r  carbon, n i t r o g e n ,  and oxygen were determined 
on each o f  t h e  Nb-1%Zr bend- tes t  specimens. I n  a d d i t i o n ,  a n a l y s i s  were a l s o  
ob ta ined  on c h i p s  taken f rom each end o f  t h e  l o n g  Nb-l%Zr specimen shown i n  
f i g u r e s  2 and 5 .  Analyses were a l s o  ob ta ined on t h e  H ipe rco  50 and SmCo 
( f i g s .  3, 6, and 7 ) .  Alumina specimens were analyzed o n l y  f o r  C .  I n  a l l  
cases, un tes ted  s t a r t i n g  m a t e r i a l s  were used as c o n t r o l  specimens. 
RESULTS 
Bend Tes ts  
A l l  Nb-1%Zr specimens wh ich  were bend t e s t e d  were t o t a l l y  f r e e  o f  c rack-  
i n g .  No d u c t i l i t y  l o s s  was d iscerned f o r  any o f  t h e  specimens. A t y p i c a l  
specimen a f t e r  bending i s  shown i n  f i g u r e  8 .  
Bu lk  Chemical Ana lys i s  
Resu l t s  o f  t h e  analyses f o r  i n t e r s t i t i a l  e lements i n  t h e  as.-c leaned and 
t h e  t e s t e d  m a t e r i a l s  a r e  shown i n  t a b l e  111. The average tempeeatures a t  t he  
v a r i o u s  l o c a t i o n s  on t h e  molybdenum tubes a r e  p l o t t e d  a g a i n s t  d ' is tance a long 
t h e  tube,  a long  w i t h  t h e  p o s i t i o n s  o f  t h e  specimens w i t h i n  the..t'ubes, i n  
f i g u r e s  5 t o  7 .  The maximum changes i n  t e s t e d  specimens as compared t o  ca r -  
bon, n i t r o g e n ,  and oxygen con ten ts  o f  as-cleaned specimens a r e  shown i n  f i g u r e  
9 f o r  t h e  3000-hr t e s t s .  
Auger Sur face Ana lys i s  
Auger a n a l y s i s  e lementa l  concen t ra t i ons  were determined by m u l t i p l y i n g  
Th is  techn ique  i s  
t h e  magni tude o f  t h e  Auger s i g n a l s  by p u b l i s h e d  s e n s i t i v i t y  f a c t o r s  and d i v i d -  
i n g  t h e  r e s u l t  by t h e  sum f o r  a l l  the  measured e lements.  
v u l n e r a b l e  t o  seve ra l  sources o f  sys temat ic  e r r o r ,  b u t  i s  u s e f u l  as an approx i  
ma t ion .  When t h e  coupons a r e  a l l  s i m i l a r  i n  compos i t ion ,  as i s  t h e  case here,  
comparisons between coupons a r e  v a l i d  even i f  t h e  a b s o l u t e  concen t ra t i ons  a r e  
i n  e r r o r .  
Three k i n d s  o f  measurements were made on t h e  depth  p r o f i l e s  ob ta ined  f rom 
each coupon. F i r s t ,  t h e  th i ckness  o f  t h e  contaminant  l a y e r  on t h e  su r face  was 
es t ima ted  by de te rm in ing  the  s p u t t e r - e t c h  t ime  r e q u i r e d  f o r  t h e  Nb concent ra -  
t i o n  t o  reach 90 pe rcen t  o f  i t s  maximum va lue .  The e t c h  t i m e  was approx i - .  
m a t e l y  p r o p o r t i o n a l  t o  depth.  Th is  r e l a t i o n s h i p  was de termined t o  be 
1 5  nm/min. Next ,  t h e  concen t ra t i ons  o f  C ,  0, and N were determined a t  a depth  
o f  7 5  nm, w e l l  under t h e  contaminant  l a y e r  b u t  s t i l l  i n  t h e  s u r f a c e  r e g i o n  o f  
t h e  m e t a l .  F i n a l l y ,  C ,  0, and N concen t ra t i ons  were measured i n  t h e  r e g i o n  
3 
200 t o  300 nm below t h e  s u r f a c e .  T h i s  depth i s  r e p r e s e n t a t i v e  o f  t h e  b u l k  o f  
t h e  m e t a l .  P l o t s  o f  these c o n c e n t r a t i o n s  as a f u n c t i o n  o f  dep th  a r e  known as 
dep th  p r o f i l e s .  F i g u r e  10 i s  a t y p i c a l  dep th  p r o f i l e  f r o m  one of  t h e  cou-  
pons. A l l  b u t  t h r e e  coupons had s u r f a c e  l a y e r  t h i c k n e s s e s  o f  20 t o  40 nm. 
Those t h r e e  were about an o r d e r  o f  magnitude t h i c k e r  and were d i s regarded ,  as 
e x p l a i n e d  i n  t h e  D iscuss ion  below. The rema in ing  r e s u l t s  a r e  summarized i n  
t a b l e  I V  and f i g u r e  11. 
DISCUSSION AND CONCLUSIONS 
Bend Tests  
No change i n  bend d u c t i l i t y  was observed a f t e r  exposure o f  Nb-1%Zr t o  
t h e  t e s t  environment r a n g i n g  f r o m  430 t o  1300 K and t imes up t o  3000 h r .  
I t  i s  b e l i e v e d  t h a t  these capsu le  t e s t s  r e p r e s e n t  an o v e r l y  severe s imu la -  
t i o n  o f  B ray ton  and S t i r l i n g  systems; t h a t  i s ,  t h e  r a t i o  o f  t h e  amounts o f  t h e  
a v a i l a b l e  contaminants t o  t h e  amount o f  s e n s i t i v e  r e f r a c t o r y  a l l o y  i n  these 
t e s t s  f a r  exceeded t h a t  whlch would e x i s t  i n  these  engines.  The purpose o f  
these t e s t s  was no t  t o  determlne t h e  r a t e  o f  contaminant  t r a n s p o r t ,  b u t  t o  
i n d i c a t e  whether a problem o f  s t r u c t u r a l  i n t e g r i t y  c o u l d  occur  i n  t h e  B ray ton  
and S t i r l i n g  engines. From t h i s  aspect ,  t h e  bend t e s t s  i n d i c a t e d  no d u c t i l i t y  
l o s s .  
Bu lk  Chemical A n a l y s i s  
The s h o r t - t e r m  (750-h r )  t e s t  w i t h  Nb-1%Zr o n l y  ( t u b e  A ) ,  r e s u l t e d  i n  a 
u n i f o r m  C d i s t r i b u t i o n  and i n c r e a s i n g  N and 0 w i t h  i n c r e a s i n g  temperature 
( t a b l e  111). A l l  C and 0 l e v e l s  were below t h e  s t a r t i n g  m a t e r i a l ,  w h i l e  N 
s t a r t e d  a t  t h e  as-c leaned l e v e l  i n  t h e  c o l d  end and inc reased  toward t h e  h o t  
end. The source o f  N and t h e  l o c a t i o n  o f  l o s t  C and 0 were n o t  determined.  
The second, l o n g - t e r m  (3000-h r )  t e s t  w i t h  Nb-1%Zr o n l y  ( t u b e  B),  gave 
d i f f e r e n t  r e s u l t s  ( t a b l e  111 and f i g .  9 ) .  Carbon was a t  l e v e l s  s l i g h t l y  under,  
o r  equal  t o ,  t h e  as-cleaned va lue  up t o  temperatures o f  about 1000 K .  Th i s  
l o s t  C appeared t o  be t r a n s p o r t e d  t o  t h e  h o t t e r  r e g i o n s .  N i t r o g e n  f o l l o w e d  a 
s i m i l a r  p a t t e r n ,  but  l e v e l s  h i g h e r  than t h a t  o f  t h e  as--c leaned m a t e r i a l  began 
as low as 1000 K .  The behav io r  o f  0 was t h e  same as i n  t h e  s h o r t e r - t i m e  t e s t ,  
b u t  a t  somewhat h Igher  l e v e l s  a t  1275 K and above w i t h  c o n c e n t r a t i o n s  ersen-  
t i a l l y  t h e  same as t h e  as-c leaned m a t e r i a l .  The source o f  t h e  e x t r a  carbon 
and n I t r o g e n  and the l o c a t i o n  o f  t h e  l o s t  oxygen were n o t  determined.  
Bu lk  a n a l y s i s  f o r  C and 0 i n  t h e  Nb- l%Zr  specimens f rom t h e  t e s t s  w i t h  
o t h e r  m a t e r i a l s  showed inc reases  i n  a l l  cases ( t a b l e  I11 and f i g .  9 ) .  l h e s e  
specimens were l o c a t e d  I n  t h e  h o t  end o f  t h e  tubes.  N i t r o g e n  r e s u l t s  w e r e  
ambiguous; t h e  s h o r t  t ime ( t u b e  C )  and one l o n g - t i m e  t e s t  ( t u b e  D )  showed 
s l i g h t  I nc reases ,  w h l l e  t h e  o t h e r  l o n g - t i m e  t e s t  showed no i n c r e a s e  above 
as -c leaned  l e v e l s  o f  N. 
Bulk a n a l y s i s  o f  t h e  SmCo showed a decrease i n  C l e v e l  and no change i n  N 
i n  a l l  cases, an i nc rease  I n  l o n g - t i m e  0 l e v e l ,  and no change i n  s h o r t - t i m e  0 
c o n t e n t  ( t a b l e  111). The H lpe rco  50 and a lumina d i d  n o t  change s l g n i f i c a n t l y .  
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There fore ,  t h e  most l i k e l y  source o f  0 remained t h e  SmCo, d e s p i t e  i t s  h i g h e r  
p o s t - t e s t  0 l e v e l s .  
o f  SmCo p r i o r  t o  b u l k  a n a l y s i s .  No precau t ions  were taken t o  p r e v e n t  absorp-  
t i o n  o f  water  vapor o r  r e a c t i o n  w i t h  a i r  a f t e r  removal f rom t h e  molybdenum 
tubes.  These specimens p robab ly  have v e r y  l a r g e  s u r f a c e  areas f o r  a b s o r p t i o n  
and a r e  known t o  be r e a c t i v e  i n  a i r  i n  powder form. Th is  c o u l d  have lead  t o  
an e r roneous ly  h i g h  0 a n a l y s l s .  
A p o s s i b l e  e x p l a n a t i o n  c o u l d  come f rom p o s t - t e s t  h a n d l i n g  
Wh i le  t h e  source o f  0 and N i s  s p e c u l a t i v e ,  t h e  C inc reases  seen f o r  
Nb-l%Zr can be a t t r i b u t e d  d i r e c t l y  t o  t h e  SmCo. A l though i n t e r s t i t i a l  con-  
taminants  were shown t o  i nc rease  i n  the Nb- l%Zr specimens when they  were 
t e s t e d  w i t h  o t h e r  m a t e r i a l s ,  I t  i s  obvious t h a t  t h e  l e v e l s  were n o t  h i g h  enough 
t o  cause problems i n  these specimens, s i n c e  they  were s t i l l  f u l l y  d u c t i l e  i n  
bend t e s t s .  However, t h e  q u e s t i o n  o f  r e a c t i o n  r a t e  e f f e c t s  over  a 7 y r  l i f e  
may need a d d i t i o n a l  t e s t  t ime  t o  reso lve ,  s i n c e  i t  rep resen ts  a 2 0 - f o l d  
i n c r e a s e  i n  exposure t ime .  
Auger Sur face Ana lys i s  
Three depth  p r o f i l e s  showed l a y e r  th i cknesses  an o rde r  o f  magnitude 
t h i c k e r  than  t h e  o t h e r s .  The r e s u l t s  were n o t  e r r o r s  i n  t h e  depth  p r o f i l e s ,  
s i n c e  they  were repeated on d i f f e r e n t  spo ts  on t h e  same coupon su r faces  and 
even on t h e  o t h e r  ma jor  sur faces  o f  t he  coupons. These t h i c k  l a y e r s  appeared 
t o  be u n r e l a t e d  t o  t h e  t e s t  parameters and they  occur red  i n  b o t h  t h e  absence 
and presence o f  o t h e r  m a t e r i a l s .  There was no c o r r e l a t i o n  w i t h  e i t h e r  t e s t  
t i m e  o r  tempera ture  i n  any one tube,  and, i n  t h e  cases i n  which t e s t  cond i - -  
t i o n s  were repeated,  t h e  r a d i c a l l y  d i f f e r e n t  p r o f i l e  was n o t  reproduced.  
There fore ,  these e f f e c t s  were considered t o  be exper imenta l  a r t i f a c t s  t h a t  may 
be due t o  unusual  con tamina t ion  o f  specimens o r  tubes d u r i n g  p r e p a r a t i o n .  
Because o f  t h i s  p o s s i b i l i t y ,  i t  was f e l t  t h a t  Auger da ta  f rom those p a r t i c u l d r  
tubes were n o t  r e l i a b l e .  These da ta  were d i sca rded  i n  t h e  t rea tmen t  o f  the  
Auger r e s u l t s .  I t  should a l s o  be noted t h a t  a t  concen t ra t i ons  below 
1 p e r c e n t ,  n o i s e  i n  t h e  Auger spectrum c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  s i g n a l .  
l h u s ,  i n  t a b l e  I V ,  l e v e l s  r e p o r t e d  a s  unde tec tab le  cou ld  rep resen t  concent ra  
t i o n s  as h i g h  as 1 pe rcen t .  
Comparison of  t h e  as-c leaned specimens w i t h  t h e  t e s t e d  specimens ( t a b l e  
I V )  shows t h a t  t h e  t e s t  exposure always reduced t h e  th i ckness  o f  t h e  con13Ti 
nan t  l a y e r .  The l a y e r  th icknesses  are  shown g r a p h i c a l l y  i n  f i g u r e  11, where 
t h e  e f f e c t  i s  more apparent .  From f i g u r e  11, i t  i s  a l s o  c l e a r  t h a t  l onger  
t e s t  t imes always produced m a r g i n a l l y  t h i n n e r  contaminant  l a y e r s .  
I n  a l l  o f  t h e  t e s t e d  specimens, t h e  0 c o n c e n t r a t i o n  a t  b o t h  measured 
depths i s  l e s s  than i n  t h e  as-c leaned specimens. Genera l l y ,  t h e  C concent ra  
t i o n  i s  a l s o  lower .  A l though t h e  c o n c e n t r a t i o n  measurements a r e  n o t  very  
p r e c i s e  near 1 pe rcen t ,  t h e r e  seems t o  be a tendency f o r  t he  C and 0 concen- 
t r a t i o n s  t o  decrease w i t h  i n c r e a s i n g  tempera ture  and t ime  a t  tempera ture .  
Genera l l y ,  N i s  absent  i n  a l l  the  specimens. The o n l y  excep t ion  t o  t h i s  
seems t o  be t h e  ex i s tence  o f  m a r g i n a l l y  d e t e c t a b l e  amounts i n  t h e  h i g h e r  tern 
p e r a t u r e ,  s h o r t - t i m e  t e s t s .  The N does n o t  p e r s i s t  i n  t h e  3000-hr  t e s t  s p e c i -  
mens. Detected N c o u l d  be due t o  r e s i d u a l  N i n  t h e  atmosphere i n  t h e  tubes o r  
as a contaminant  i n  t h e  specimens themselves. I t  must be k e p t  i n  mind, 
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however, t h a t  t h e  l e v e l  o f  N i n  t a b l e  I V  I s  a t  t h e  l i m i t  o f  d e t e c t i o n  i n  t h e  
Auger spect rum and these observed v a r i a t i o n s  may n o t  be r e a l .  
The o v e r a l l  e f f e c t  of t h e  t e s t s  on t h e  Nb-l%Zr specimens was a genera l  
tendency t o  c l e a n  the sur faces r a t h e r  than contaminate  them. The b u l k  concen- 
t r a t i o n s  o f  C,  0, and N were a t  o r  be low t h e  l i m i t s  o f  d e t e c t i o n  f o r  t h e  tech--  
n ique  u t i l i z e d .  The t e s t  exposure c o n d i t i o n  p robab ly  p e r m i t t e d  d i f f u s i o n  o f  
any s u r f a c e  con tamina t ion  I n t o  t h e  b u l k  Nb-lXZr, where t h e  q u a n t i t y  of  con- 
t a m i n a t i o n  c o u l d  no t  be de tec ted  I n  t h e  h i g h e r  tempera ture  specimens. 
I m p l i c a t i o n s  f o r  t h e  Space System 
The l a c k  o f  f l r m  ev idence f o r  t r a n s f e r  o f  i n t e r s t i t i a l  contaminants  e i t h e r  
t o  o r  f rom Nb-1%Zr, I n  t h e  absence o f  o t h e r  m a t e r i a l s ,  f rom e i t h e r  t h e  c o l d  
o r  t h e  h o t  end o f  tubes t o  t h e  o t h e r  by h e l i u m  would i n d i c a t e  t h a t  such t r a n s -  
f e r  i s  a t  most min imal  and I s  n o t  a l e g i t i m a t e  concern as f a r  as i n t e r n a l  
sources a r e  concerned i n  a monometa l l i c  system. 
The t e s t s  where o t h e r  m a t e r i a l s  were i n c l u d e d  seem t o  i n d i c a t e  t h e  po ten-  
t i a l  o f  such t r a n s f e r  f rom n o n r e f r a c t o r y  a l l o y  m a t e r i a l s  t o  Nb-1%Zr when 
ready sources a r e  a v a l l a b l e .  The s e v e r i t y  o f  t h e  p o t e n t i a l  p rob lem has y e t  t o  
be determlned.  A se r ies  o f  new t e s t s  I s  be ing  dev ised i n  an a t tempt  t o  e s t i -  
mate a wors t - -case contaminat ion  r a t e  which c o u l d  then  be used t o  c a l c u l a t e  an 
expected upper l i m i t  f o r  a p r o j e c t e d  7 - y r  o p e r a t i o n .  
However, even I f  t h e  wors t -case con tamina t ion  r a t e  had a s l g n i f i c a n t  
e f f e c t  on s t r u c t u r a l  I n t e g r i t y ,  I t  would n o t  r u l e  o u t  t h e  use o f  t hese  systems. 
Space engine designs f o r  t h e  S t i r l i n g  o r  B ray ton  systems can i n c l u d e  techn iques  
t o  m in im ize  t h e  r a t e  o f  con tarn ina t ion  f rom such sources.  For example, t h e  
magnets cou ld  be l oca ted  o u t s i d e  t h e  h e l i u m  conta inment  volume o r ,  a l t e r n a -  
t i v e l y ,  they  c o u l d  be c l a d  o r  canned i n  a m a t e r i a l  t o  c o n t a i n  t h e  contaminants  
o r  min imize  t h e i r  r a t e  o f  e n t r y  i n t o  t h e  he l ium.  
SUMMARY OF RESULTS 
P r e l i m i n a r y  t e s t s  were conducted t o  de termine i f  i n t e r s t i t i a l  element 
t r a n s p o r t  t h rough  a c i r c u l a t i n g  h e l i u m  work ing  f l u i d  was a p o t e n t i a l  problem 
i n  Bray ton  and S t i r l i n g  space power systems. Molybdenum tubes,  f i l l e d  w i t h  
h e l i u m  and c o n t a i n l n g  t e s t  speclmens were exposed t o  a thermal  g r a d i e n t  f o r  up 
t o  3000 h r .  Tes t  specimens i n c l u d e d  Nb-1%Zr, SmCo, H lpe rco  50 s t e e l ,  and 
a lumlna t o  s i m u l a t e  v a r i o u s  engine components o f  t h e  B ray ton  and S t i r l i n g  s y s -  
tems. The temperature a t  t h e  h o t  end was 1300 K w h i l e  t h e  tempera ture  a t  t h e  
c o l d  end v a r i e d  f r o m  430 t o  810 K .  Auger a n a l y s i s ,  b u l k  chemical  a n a l y s i s ,  
and bend t e s t i n g  of the Nb- l%Zr specimens were used t o  de termine  t h e  p r e s -  
ence and e x t e n t  o f  i n t e r s t i t i a l  element t r a n s p o r t .  
Resu l t s  i n d i c a t e  t h a t  h e l i u m  t r a n s p o r t  o f  i n t e r s t i t i a l  contaminants  can 
be min imized over  a 7 - y r  l i f e  w i t h  a monometa l l i c  Nb-1%Zr des ign .  Exposure 
w i t h  o t h e r  m a t e r i a l s  i n d i c a t e d  a p o t e n t i a l  f o r  i n t e r s t i t i a l  contaminant  t r a n s -  
p o r t .  De te rm ina t ion  o f  con tamlna t lon  k i n e t i c s  and t h e  e f f e c t s  on s t r u c t u r a l  
i n t e g r i t y  w i l l  r e q u i r e  a d d i t i o n a l  t e s t i n g .  
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CONCLUSIONS 
7 h i s  r e p o r t  has presented  t h e  r e s u l t s  o f  a p r e l i m i n a r y  i n v e s t i g a t i o n  o f  
he l i um t r a n s p o r t  o f  i n t e r s t i t i a l  elements i n  s i m i l a t e d  Bray ton  and S t i r l i n g  
systems. The t e s t s  i n c  uded Nb-l%Zr, SmCo, H ipe rco  50 s t e e l ,  and a lumina 
specimens i n  molybdenum tubes w i t h  the  h o t  ends a t  1300 K and t h e  c o l d  ends a t  
430 t o  810 K f o r  t e s t  t mes up t o  3000 h r .  The f o l l o w i n g  conc lus ions  a r e  
o f f e r e d  on t h e  b a s i s  o f  Auger su r face  a n a l y s i s ,  b u l k  chemical  a n a l y s i s ,  and 
bend t e s t i n g .  
1 .  No t r a n s p o r t  problem was de tec ted  when Nb-1XZr was t e s t e d  a lone,  b u t  
a p o t e n t i a l  t r a n s p o r t  problem was de tec ted  when o t h e r  m a t e r i a l s  were t e s t e d  
w i t h  Nb- l%Zr;  
2 .  Bend t e s t i n g  showed no f l a w s ,  even f o r  t h e  specimens w i t h  t h e  h i g h e s t  
degree o f  con tamina t ion  found: 88 ppm C and 200 ppm 0; 
3. Auger analyses were i nconc lus i ve ;  
4 .  Bu lk  chemical  analyses y ie lded :  ( a )  I n s i g n i f i c a n t  he l i um t r a n s p o r t  o f  
i n t e r s t i t i a l  contaminants  when Nb-l%Zr was t e s t e d  a lone,  ( b )  i n s i g n i f i c a n t  N 
t r a n s p o r t  and d e t e c t a b l e  C and 0 t r a n s p o r t  when Nb-l%Zr was t e s t e d  w i t h  
o t h e r  m a t e r i a l s ,  ( c )  t h e  major  source o f  contaminants  was t h e  SmCo; and 
5 .  A d d i t i o n a l  work I s  needed t o  d e f i n e  an upper l i m i t  on t h e  contamina 
t i o n  r a t e  f o r  B ray ton  and S t i r l i n g  systems. 
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TABLE I .  - CLEANING PROCEDURES 
SmCo and Hlperco 50 Specimens 
5 min ultrasonic cleaning in LOX-grade trlchloroethane 
5 min ultrasonlc cleaning In ethanol 
Alr dry 
Alumina Specimens 
5 min ultrasonic cleaning in distilled water 
5 min ultrasonic cleaning In ethanol 
Vacuum dry, 2 hr at 373 K 
Molybdenum Parts 
5 min ultrasonic cleaning in acetone 
Alr dry - 
~~ 
Nb-lZr Specimens 
5 mln ultrasonic cleaning in LOX-grade trlchloroethane 
15 mln pickle in saturated NaOH at 323 K 
Sequential cleaning 
Rinse In tap water 
5 mln ultrasonic cleaning in dlstllled water 
5 mln ultrasonic cleanlng In ethanol 
Air dry 
TABLE 11. - TYPICAL HELIUM GAS ANALYSIS 
Concentration, 
ppm by volume 
Hydrocarbons 
Neon 
Water 
Hydrogen 
Nltrogen 
Oxygen 
Dewpoint, K 
Chamber 
sample 
____. ___- -  
194.4 2 I 198.9 26
aMaxlmum value. 
a 
I A t l L t  111. - INTERSlITIAL ELEMENT ANALYSES OF TEST MATERIALS 
( a )  As-cleaned m a t e r i a l s  
Nb-l%Zr 
SmCo 
Hiperco  50 
A1 uml na 
1 M a t e r i a l  1 Carbon I Oxygen I N i t r o g e n  1 
Concentrat ion,  ppm by we lgh t  
a1 8 
630 
58 
42 
Loca t lon  
b8 2 
3200 
84 
Temperature, Carbon Oxygen N i t rogen  
K 
Concent ra t ion ,  ppm by we igh t  
b38 
280 
37 
Tube A (750 h r )  
C l  
2 
3 
4 
5 
6 
d l  
C1 
2 
3 
4 
5 
Tube 8 (3000 h r )  
6 
d l  
Tube C (540-hr )  
1 
2 
3 
4 
1 
2 
3 
4 
1 
4 
2 
5 
3 
6 
Tube D (3000 h r )  
Tube E (3000 hr)  
775 
775 
81 5 
870 
980 
1275 
1300 
81 0 
81 0 
820 
870 
980 
1275 
1300 
1035 
1035 
1275 
1275 
1035 
1035 
1275 
1275 
770 
770 
1100 
1100 
1280 
1280 
11 
11 
12  
10 
9 
11 
11 
15 
15 
13 
14  
17 
21 
31 
17 
15 
43 
35 
33 
27 
48 
56 
20 
18 
25 
33 
85 
88 
61 
62 
68 
61 
63 
70 
7 7  
7 5  
63 
65 
70 
73 
82 
86 
116 
97 
132 
128 
98 
109 
128 
125 
91 
79 
117 
180 
191 
200 
39 
40 
43 
41 
44 
51 
54 
29 
42 
39 
40 
49 
67 
63 
41 
41 
56 
45 
45 
47 
64 
61 
30 
35 
36 
28 
30 
40 
aAverage o f  6 analyses. 
bAverage o f  5 analyses. 
cTop. 
dgot  tom. 
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TABLE 111. - conc luded .  
Tempera ture ,  
K 
L o c a t i o n  c Carbon Oxygen N i t r o g e n  
Tube C 715 320 3200 
Tube D 820 280 3400 
Tube E 460 430 3400 
250 
250 
290 
aAverage o f  6 a n a l y s e s  
bAverage o f  5 a n a l y s e s  
CTop. 
d80 tt om. 
Tube C 825 68 85 
Tube D 850 64 101 
Tube E 520 64 80 
TABLE I V .  - DEPTH PROFILE RESULTS FROM Nb-1%Zr SAMPLES TAKEN FROM TUBES AND 
38  
38  
37 
Tube Tlme, temper- 
h r  a tu re ,  
K 
_ _ _ _  ( a )  ---- 
A 750 770 
A 750 930 
A 750 1300 
B 3000 810 
B 930 
B 1290 
D I 193; 
31 
45 
42 
Tube C 87 5 
Tube D 87 5 
Tube E 580 
_ _ _ _  --- 
_ _ _ _  __ -  
_ _ _  
a t  % 
Carbon Oxygen N i t r o g e n  Carbon Oxygen N i t r o g e n  
Concent ra t lon  a t  7 5  nm, Concent ra t lon  a t  200 t o  300 nm, 
I a t  % I 
Depth a t  
90 a t  % Nb, 
nm 
1 . 7 f l  .2  
3.5 
.9 
1.3 
2.6 
1.6 
( b )  
.9 
.9 
( b )  
( b )  
0.5 
.8 
4 .2 f1  . 7  
0.6 
. 5  
( b )  I 
.9 
( b )  
1.720.24 1.720.24 ( b )  35.2213.8 
1 .3  ( b )  ( b )  
.5 ( b )  ( b )  
( b )  ( b )  
30.1 
29.4 
0.8 28.0 
aAs- Cleaned speclmens. 
bundetec tab le  l e v e l  ( n o t  above background).  
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TUBE A TUBE B -
-330 LONG -330 H LONG 
-1300 K/810 K 
-750 HR -3000 HA 
-1300 K/770 K 
ANALYSIS 
-AUGER 
-CHEMICAL 
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-280 Hn LONG 
-1300 K/810 K 
-330 MM LONG 
-1300 K/430 K 
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-540 HR -3000 HR -3000 HR 
FIGURE 1.- FLOW CHART FOR HELIUM TRANSPORT STUDY. 
Nb- l % Z  f SPECIMENS - 
C-85-2613 
FIGURE 2.- TYPICAL ASSEMBLY FOR TESTS WITH Nb-1%Zr SPECIMENS ONLY. 
snco J 
C-85-2614 
FIGURE 3.- TYPICAL ASSEMBLY FOR TESTS WITH N b - l X Z r ,  HIPERCO 50. SMCO AND ALUMINA SPECIMENS. 
TUBES A AND B 
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TUBES C.D AND E 
HYPERCO-50 
No TUBE-/’ 
i,,’. 
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-7-------- 
/ 
VACUUM CHAMBER-’ 
FIGURE 4.- SCHEMATIC OF TEST SETUP FOR HELIUM-FILLED CAPSULES. 
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FIGURE 5.- THERMAL GRADIENT AND RELATIVE POSITIONS OF Nb-1XZr 
SPECIMENS (TUBES A AND B ) .  
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FIGURE 8. -  TYPICAL Nb-1XZr SPECIMFN AFTER BENDING. 
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